Nutrition-sensitive interventions to improve overall diet quality are increasingly needed to improve maternal and child health. This study demonstrates feasibility of a structured process to leverage local expertise in formulating programmes tailored for current circumstances in South Asia and Africa. We assembled 41 stakeholders in 2 regional workshops and followed a prespecified protocol to elicit programme designs listing the human and other resources required, the intervention's mechanism for impact on diets, target foods and nutrients, target populations, and contact information for partners needed to implement the desired programme. Via this protocol, participants described 48 distinct interventions, which we then compared against international recommendations and global goals. Local stakeholders' priorities focused on postharvest food systems to improve access to nutrient-dense products (75% of the 48 programmes) and on production of animal sourced foods (58%), as well as education and social marketing (23%) and direct transfers to meet food needs (12.5%). Each programme included an average of 3.2 distinct elements aligned with those recommended by United Nations system agencies in the Our results demonstrate that a participatory process can help local experts identify their own priorities for future investments, as a first step in a novel process of rigorous, transparent, and independent priority setting to improve diets among those at greatest risk of undernutrition. Steiber et al., 2015) , including through the contribution of low diet quality to poor maternal and child health outcomes (Allen, 2013) . Associations between suboptimal diet and maternal and child health outcomes are especially important in SubSaharan Africa (SSA) and South Asia, where current diets contribute to widespread stunting, wasting, and intrauterine growth restriction as well as micronutrient deficiencies in women and children .
To achieve global development goals, an important next step is to build consensus on which programmes and policies should be prioritized. Previous studies have compared interventions that deliver specific nutrients through supplementation or fortification Fiedler & Puett, 2015; Shekar, Dayton Eberwein, & Kakietek, 2016) , but the task of improving diets-which may be more effective in the long term-calls for a more diverse and complex set of mechanisms (Burlingame & Dernini, 2011; Jacobs & Tapsell, 2007) . As a result, the 2013 Lancet Series on maternal and child nutrition specifically called for the "development of methods to allow comparison and evaluation of complex programmes with many objectives and joint outcomes" (Ruel et al., 2013) .
This study describes the first steps in a novel approach towards systematic comparative effectiveness and cost-effectiveness analysis of interventions to improve diets, using mixed methods to identify a high-priority set of programmes and policies for further analysis and potential implementation in SSA and South Asia-the regions of the world with the least contemporary progress and largest remaining burdens of malnutrition . Identifying the most promising programmes and policies for scale-up could help decision makers optimize resource use and achieve nutrition goals as efficiently as possible, achieving the very large total economic and social gains available from well-designed interventions (Alderman, Behrman, & Puett, 2017) .
| METHODS
The methods we use to identify high-priority dietary interventions combine best practices in evidence synthesis and participatory research (Hill, Gonzalez, & Pelletier, 2011; Holdsworth et al., 2015; Sharma et al., 2017) , while offering a novel approach to comparative effectiveness and cost-effectiveness analysis. The consultative methodology is designed around the data needed to measure the health consequences of dietary changes, based on input from independent experts convened in global and regional advisory groups to provide a wide range of expertise and overcome concerns about lack of transparency and potential bias in previous cost-effectiveness studies. The prespecified sequence we followed was designed and implemented with support from the Bill & Melinda Gates Foundation over a 4-year period ending in 2017.
To identify the most promising nutrition-sensitive strategies for improved maternal-child health in SSA and South Asia, we followed a four-step procedure: (a) identification of the most relevant diet-disease targets for maternal-child health in these regions, based on qualitative expert assessments to design systematic reviews and quantitative meta-analyses of the diet-disease relationships with strongest evidence; (b) identifying categories and characteristics of potential interventions, based on consultation with global experts and qualitative reviews; (c) prioritization and formulation of specific programmes, based on participatory consultation and deliberation with multidisciplinary regional and national experts from diverse sectors; and (d) validation of those results by comparison with lists made by international organizations. The resulting set of specific interventions presented in this paper will also be used in future studies for cost-effectiveness analysis, by validating cost estimates against budgets for other activities and measuring effectiveness based on epidemiological models of risk reduction.
| Identification of relevant diet-disease targets
To select relevant diet-disease targets, we performed consultations with experts to solicit recommendations regarding diet-disease relationships having high-quality evidence on the following: (a) reliable data on current intake levels and etiologic effects, (b) high magnitude of current disease burden in South Asia and SSA, and (c) ability to intervene with one or more dietary interventions (Table S1 ). This process identified five pairs of dietary risk factors and associated diseases: iron and anaemia, zinc and stunting, zinc and diarrhoea, animal protein and stunting, vitamin A and mortality, and omega-3 fatty acids and neurodevelopment.
Details on criteria for selection of diet-disease pairs are provided in Table S1 . Examples of other diet-disease pairs that were considered and not incorporated were iodine and neurodevelopment (omitted due to dominance of fortification strategies over dietary ones) and diet diversity and underweight (omitted due to insufficient evidence on effect size).
For each of the identified diet-disease pairs of interest, we separately summarized the available data for etiologic effects, including heterogeneity in these effects based on underlying characteristics of the intervention or targeted population, based on systematic reviews and meta-analyses. Some of the preliminary results of these quantitative meta-analyses have been reported (Pimpin et 
Key messages
• Interventions targeting diverse foods and risk factors are needed to improve maternal and child nutrition.
• Setting priorities for dietary interventions requires a wide range of expertise, methods, and data.
• We use a novel participatory approach involving 41 local experts to identify a set of 48 priority interventions for eight countries in South Asia and Africa.
• Priorities defined through regional consultations align with recommendations and goals of international organizations, with emphasis on combining multiple interventions to improve diet quality and target transfers of food, vouchers, or other resources to atrisk mothers and children.
| Categories and characteristics of nutritionsensitive programmes
To describe a set of potential interventions for comparative effectiveness and cost-effectiveness analysis, we convened a cost-effectiveness advisory group (CEAG) and performed a qualitative review of existing nutrition-sensitive programmes focusing on maternal and child health. The CEAG is composed of independent researchers and technical experts with a diversity of expertise regarding cost-effectiveness analysis for maternal and child health (Table S2) . We focused on eight priority nations, based on their high burdens of malnutrition and maternal-child disease as well as Gates Foundation nutrition priorities, including three in South Asia (India, Nepal, and Bangladesh) and five in SSA (Ghana, Tanzania, Uganda, Nigeria, and Ethiopia).
Through consultation with the CEAG and review of existing programmes, we identified six domains of nutrition-sensitive programmes of high relevance and promise, largely consistent with the foci of the Lancet series paper on nutrition-sensitive actions (Ruel et al., 2013) , including (a) targeted and conditional transfers; (b) mass media and community-based education; (c) preschool and school-based feeding; (d) small-scale and household production; (e) food processing and fortification; and (f) food markets and prices.
The mechanisms of impact that these nutrition-sensitive programmes utilize to alter dietary intake include the following: (a) transfer of resources to alter the purchase or use of home-grown foods (hereafter referred to as resource transfers); (b) changing food prices and transaction costs to alter purchasing behaviour (hereafter referred to as access changes); (c) changing dietary preferences to alter the purchase or use of foods with existing household resources (hereafter referred to as preference changes); and (d) transfer of food items that are consumed without altering other choices (hereafter referred to as food transfers). We excluded programme domains whose mechanisms of impact were through more distal and indirect pathways, such as programmes focusing on economic development, women's empowerment, and the national supply of foods through agricultural production and international trade. We also excluded nutrition-specific programmes that introduce particular nutrients through supplements rather than foods, but we did invite participants to consider including interventions that would scale-up use of existing nutrient-dense products such as biofortified crops or improved infant foods. Research and development efforts to formulate and produce these foods, as well as nutrition-specific programmes such as breastfeeding promotion or supplementation with particular nutrients, are outside the scope of the present investigation. This ensured that our process would identify all available nutrition-sensitive approaches to dietary change.
| Prioritization and formulation of specific interventions
To characterize and formulate a set of specific programmes for prioritization for the eight countries of interest, we incorporated the diverse perspectives and expertise of regional experts through two separate meetings: one for South Asia, held in Kathmandu on December 8-10, 2015; and one for SSA, held in Addis Ababa on February 24-26, 2016. These meetings aimed to engage a diverse and representative set of stakeholders from civil society, private, academic, and nongovernmental organization sectors, including multilateral and bilateral organizations, specializing in the areas of nutrition, health, agriculture, policy, and economics. Potential participants were identified by the investigators, the CEAG, Gates Foundation contacts, and other expert contacts, based on their policy experience, scientific contributions, or positions in decision-making bodies in the food system. Details about the attendees and the organizations represented are provided in Table   S3 .
Using standard principles of participatory research (Hill et al., 2011; Holdsworth et al., 2015) , we sought active engagement through transparency and openness to diverse points of view. In-depth discussion was facilitated by alternating between plenary group discussion periods and small breakout groups comprising four to six regional experts coupled with a facilitator and a recorder. Each intervention domain was introduced in plenary session, after which each breakout group then further developed and formulated a specific priority intervention in that domain. REACH is a partnership between the major UN system agencies involved in maternal and child nutrition, namely, the Food and Agriculture Organization, the United Nations Children's Fund, the World Food Programme, the World Health Organization, and the International Fund for Agricultural Development. The CAN was developed through a participatory process that involved interagency discussions and exchanges with subject area experts. The goal of REACH is to aid national governments in the scale-up of nutrition actions and promote official support at the highest levels of international cooperation. The CAN identifies nine actions that fall into five categories (livestock and fisheries; crops/horticulture; food processing, fortification, and storage; food consumption practices for healthy diets; and enabling environment) that fall within the scope of this project (Table 1) 169 targets in pursuit of 17 goals, of which our project aims at the first two targets specified for Goal 2 to end hunger, achieve food security, and improve nutrition (United Nations, 2016b).
| RESULTS
Our participatory process identified 48 nutrition-sensitive interventions across the six intervention domains (Table S4 ). Our meeting location led to many programmes designed for delivery in Nepal or Ethiopia (N = 7 each); with somewhat fewer designed to be implemented in each of the other countries of interest (N = 4-6 for each country other than Ghana), the South Asia region overall (N = 4), or the SSA region overall (N = 6). Details on this geographic pattern are provided in Figure S1 .
Our study results span programmes that are either currently being implemented are additions to existing programmes or are new interventions not currently being implemented but showing significant promise in the target countries. The range includes programmes that directly transfer food or resources, use media and education campaigns to change dietary preference, or alter the food environment to improve access to more healthful foods. To validate the participatory process results, we compare them to the international recommendations.
| Comparison with UN system frameworks
The 48 interventions described at our regional expert meetings align closely with the UN system agencies' priorities for agriculture and food systems to promote healthy diets, as listed in Table 1 . Many of the proposed programmes include actions in more than one of the five REACH categories, but are listed here by their primary objective. Of the 48 interventions identified, 7 aim primarily to raise more livestock and fish; 5 target production of staple crops and horticulture; 6 address food processing, fortification, and storage; 7 focus on food consumption practices; 17 involve creating and strengthening the enabling environment; and 6 act through social protection. This degree of alignment reveals a relatively strong interest among regional experts in activities other than farm production, focusing on how crop and livestock products are transformed and used in off-farm food systems after harvest.
It is particularly notable that one eighth (six of 48) of the interventions chosen at our regional meetings focused on cash or food safety net transfers.
The outcome of our participatory process can also be compared with recommendations of the broader ICN2 Framework for Action same objectives as UN agencies and member states, but often did so through systemic, cross-cutting programmes that address several different kinds of REACH actions, ICN2 recommendations, or SDG targets.
In addition, interventions that arose out of our workshops are unique in that they were whole food based, selected with specific nutrient targets in mind, and highlighted the importance of altering dietary patterns in achieving population-level improvements in nutrition outcomes.
| Targeted populations, mechanisms, and nutrients
For the purposes of this analysis, each programme element is defined in terms of one kind of change to one dietary risk factor in a particular population. Programmes are built of multiple elements, and to summarize the evidence base by which each element would alter diets, we create a matrix of target population, target nutrient, and the mechanism of impact (resource transfer, food transfer, preference change, and access change), as shown in Table 2 . This matrix approach allows us to use a single framework in which to compare 48 programmes, each of which may employ multiple mechanisms to reach several targets. For example, a programme involving both children under five and also pregnant women would be categorized as having separate elements for each of these target populations. In our matrix, there are 152 programme elements. The largest number of programme elements targeted children under five (N = 45), followed by the general population (N = 42), and pregnant/lactating women (N = 36). On average, programmes had 3.2 elements per intervention.
We identified both similarities and differences in the populations most often targeted in each region. In both South Asia and SSA, programmes targeting rural populations were most common. In contrast, pregnant and/or lactating women and especially children under 5 years were nearly equally targeted in SSA, but not in South Asia (Figure 1) . In both regions, programmes targeting adolescents, schoolage children, and urban populations were the least commonly described. Further details on the target population(s) for each programme are provided in Table S4 .
Of the four possible mechanisms for impact on dietary intake, food transfers were the most common accounting for a majority of all programme elements (N = 66; Table 2 Target populations are specified in greater detail in Table S2 .
Numbers in bold are subtotals or totals.
transfers) were the least common (N = 10). Among programme elements targeting all consumers, impact pathways focused on changing environments and access (e.g., programmes aimed at food markets and prices) were most common (N = 20).
The programmes specified through our consultative process targeted distinct maternal and child health outcomes. Among the programmes proposed for South Asian countries, interventions aimed at child mortality and maternal/child anaemia were most common (25%; Figure 2 ). In contrast, for SSA, programmes equally prioritized child mortality (22%), child/maternal anaemia (22%), child stunting (22%), and child diarrhoea (22%). Programmes targeting childhood cognitive development were the least common in both regions (12% in South Asia; 13% in SSA).
Among individual dietary and nutrient factors, dietary vitamin A and iron were most commonly targeted in South Asia; whereas in SSA, vitamin A, iron, animal protein, and zinc were all relatively equally targeted ( Figure 3) . Among different foods, nonstarchy vegetables were the most common priority target for programmes in both regions, whereas programmes aiming to increase consumption of fruit, beans, and legumes were comparatively more common in South Asia, and programmes aiming to increase seafood and milk were comparatively more common in SSA. More details on target foods and nutrients for each proposed programme are provided in Table S4 . 
| DISCUSSION
The results presented here represent a set of nutrition-sensitive policy and programme priorities defined by national and international stakeholders in SA and SSA. These programmes were selected based on evidence for an interest in their comparative effectiveness and cost-effectiveness, logistical and practical feasibility, likelihood of improving health disparities, or another specific population needs, as well as their legal and political feasibility. These findings offer the "on the ground" priorities from a rigorous and novel, transparent and participatory approach to formulating interventions for improved diet quality and reduced maternal and child undernutrition in SA and SSA.
In addition, because some of the countries had already reached a stage of scaling up proven interventions that were discussed at these regional meetings, their expertise facilitated the discussions with actual on the ground outcomes and results.
Our methodology produced a set of 48 interventions identified by expert stakeholders from diverse institutions across government, academic, nutrition, health, agriculture, policy, and economic sectors.
Although population, dietary, and mechanistic targets were wide-ranging, two main themes emerged.
A first key finding from results reported in Table 1 is that most interventions identified (36 of 48) targeted by local stakeholders concern postharvest aspects of the food system, aiming to improve crop diversification and raising of livestock breeds, and delivery and utilization in the diet, reflecting accumulated evidence in the international literature (e.g., Ruel et al., 2013) and the views of local researchers and decision makers (Holdsworth et al., 2015) . Over 80% of these identified programmes use (30 of 36) address food markets and aim to help households acquire and use more nutritious food, whereas the remainder transfer resources directly to people at risk of malnutrition. Among the dozen interventions to help households grow more food, most (seven of 12) aimed primarily at animal-sourced rather than purely plant-based foods. This finding clearly reflects widespread recognition acceptance of the need for improvements beyond households' own production of nutrient-dense crops, in postharvest and off-farm systems that improve the food environment but also provide direct transfers where needed.
A second key finding from results inTable 2 is that our participatory process led to cross-cutting interventions involving multiple components related to target population, target nutrients, and mechanism of impact (an average of 3.2, from 152 elements in 48 programmes). In and education. Future work in this project will use existing data on baseline risks and programme effect sizes to generate modelled estimates of impact and cost-effectiveness, and other kinds of research will also be needed to identify interaction effects among interventions that may complement or substitute for each other in any given setting.
The results presented here are a first step towards more transparent, stakeholder involvement in prioritization of interventions for future comparative effectiveness and cost-effectiveness analyses. After this bottom-up identification of high-priority programmes, the resources needed and costs incurred for each intervention must be validated, considering reach, scope, and scale. Evidence on effectiveness can be derived from existing experiences and analogous interventions. Quantitative models, such as country-specific, discrete-time microsimulation models, can then incorporate these inputs to estimate the cost-effectiveness of the various priority interventions. Ultimately, such results will enable governments, nongovernmental organizations, and other institutions to prioritize the interventions in which they will invest to improve dietary habits and maternal-child health in these regions.
Our investigation has several strengths. One is to avoid investigator bias in the evaluation of selected programmes, achieved through open consultation along a predefined research plan that helped identify priority programmes prior to estimating their costs and effects on both dietary intake and disease outcomes. Another strength is the inclusion of multisector stakeholders in the consultative process, to ensure that the results from our future comparative effectiveness and cost-effectiveness analyses of nutrition interventions will generate evidence that is relevant to those who would be funding, implementing, and evaluating those interventions in the future. In addition, our approach is strong in that it takes into account region-specific information about priorities and constraints, ensuring that programme characteristics are tailored to regional and national circumstances.
Additionally, this process can be carried out relatively quickly once a group of stakeholders can be convened. A final strength of our approach is our focus on pairing dietary risk factors with disease outcomes in each of the 48 proposed interventions, thereby highlighting the importance of improving dietary quality in mitigating disease.
The principal limitation of our study involves the cost, duration, and extent of consultations involved in this novel effort. We conducted two regional workshops with 41 local experts. Each workshop involved 2 days of face-to-face discussion, with extensive preparation beforehand and validation afterwards by the research team and a ninemember global CEAG. To our knowledge, this was the most intensive effort ever undertaken to involve local stakeholders in defining priority interventions for cost-effectiveness analysis. This approach results in a trade-off between expediency and less precise costing estimates.
Results demonstrate the value of this effort, and future studies could either replicate our intensive approach or build on our experience to expand the participatory process with more local experts over a longer time. Such a project could use lower-cost tools such as video conferencing and online collaboration to permit even more iteration and reflection, generating even more realistic and meaningful results than those presented here.
Another possible limitation of our approach was an under-representation of current or recent government officials (Table S3) .
Although meeting attendees considered programmes from a wide range of other perspectives, political and administrative support for these programmes could be as important as cost-effectiveness for their sustainability. In focusing on the technical expertise needed for location-specific programme design, our protocol provides just one step in the longer process of developing programmes that go on to attract sustained funding and political support.
| CONCLUSION
In summary, this study demonstrates that a rigorous and transparent participatory process can generate an actionable set of programme priorities for policymakers' consideration and for cost-effectiveness analysis, revealing both similarities and differences between local stakeholder priorities and international recommendations. Our approach overcomes several important limitations of previous research, finding that stakeholders' priorities combine multiple elements to address postharvest food systems and provide transfers beyond what households grow themselves or are able to acquire. In addition, we focus on diet, diet quality, and specific food and related nutrient targets that have relevance for a wide range of disease reduction targets. Therefore, our methods can be applied to future work that extends beyond maternal and child health and focuses on dietary intake and chronic disease reduction targets. Our future work will quantify the cost-effectiveness of the interventions we identified through this approach, and their potential to achieve the goals of international agencies, national governments, and most importantly, the many individuals at risk of undernutrition in across Asia and Africa.
SUPPORTING INFORMATION
Additional Supporting Information may be found online in the supporting information tab for this article.
How to cite this article: Masters WA, Rosettie K, Kranz S, 
